We studied the stability and linearity of the AVL and Nova 
electrolytes . intermethod comparison
The magnesium ion (Mg), like the calcium ion (Ca2"), circulates in blood bound to protein, complexed to inorganic and organic ligands, and as a free hydrated ion. These three fractions, routinely measured as total concentration, are in an equilibrium that can be altered by in vivo processes.
As with other blood electrolytes, the physiological action of Mg is related only to the activity of free Mg2 ± in plasma water. Because changes in the Mg2 + activity are not necessarily related to the changes in the substance concentration of total Mg (T'Mg), measurement of ion activity should be clinically more useful than measurement of the total ion concentration.'
In clinical practice, the ion concentration in plasma is estimated by determining the activity of the free ion potentiometrically with an ion-selective membrane electrode (ISE). At present, the concentrations of several blood electrolytes are measured routinely with ISEs [1] incorporated in commercial analyzers.
To determine Mg2 activity, Simon et al. [2, 3] developed several electrically neutral complexing agents (neutral ionophores) in a liquid carrier membrane. The major difficulty in the design of the Mg ISE for clinical application is the insufficient selectivity of the ionophore in the membrane for Mg2 over Ca2 and Na". However, three commercial and use the iCa result to correct for the selectivity of the Mg ISE for Ca2 . This computer-based correction is called chemometrics.
Results of analytical performance and clinical applications of Mg ISEs have been reported [4] [5] [6] .However, published information about the stability and linearity of the Mg and Ca ISEs, and about the effect of iCa on the 1Mg result, is preliminary [6] [7] [8] [9] or not available. Given that the determination of 1Mg requires a simultaneous determination of iCa, the analytical performance of both Mg and Ca ISEs is crucial for the accuracy and precision of the 1Mg assay. We have investigated the stability and linearity of the AVL and Nova ISEs for Ca and Mg and determined the relation between the 1Mg and iCa results reported by each analyzer. 
Materials and Methods

Clinical Chemistry
PROCEDURES
All samples were analyzed after maintenance (daily or weekly) and after daily calibration and quality-control procedures performed as recommended by each manufacturer. Each series of samples was analyzed at the same time in randomized order with the AVL analyzer and both Nova analyzers. During the analysis, a serum pool sample was assayed before the first and after every 12th aqueous linearity sample. For all measurements, the AVL was used in the serum mode and the Nova CRT was in the serum/plasma mode. We recorded the results for iCa, 1Mg, Na, and pH. For two Ca and Mg saline SLS, we also recorded the voltage responses of the four ISEs.
Stability studies. For this study we used the SLS prepared with saline and the aqueous calibrators. The first set of results (day 1) was obtained with newly installed Ca and Mg ISEs that were exposed to serum samples during the first 4 h of use. The same solutions were reanalyzed on the nth day (n = 3, 5, 8, and 10 for saline, n = 3, 5, 10, 13, 15, 17, and 19 for aqueous calibrators). The last set of data for aqueous calibrators (day 19) was obtained with only the AVL analyzer because the Nova Mg ISE failed to calibrate. Throughout the study, patients' serum samples were assayed with both analyzers.
Linearity studies. We verified the linear range specified by each manufacturer for both Mg and Ca ISEs with the SLS that were prepared in saline and in the AVL and Nova aqueous calibrators. The linearity of the Ca ISEs was verified with the SLS for Ca 
Results
TSR STABILITY
The effect of aging on the voltage response of the Ca and Mg ISEs to increasing concentrations of TCa was determined for each day of the study by using linear regression (x = log TCa, y = volts). Fig. 1 shows the typical day-to-day variation in the response of Mg ISEs to unbuffered saline solutions that we
observed with all solutions used in this study. For the AVL, the slopes and intercepts of the regression lines varied randomly. For the Nova, the regression line for a newly installed ISE (day 1) had lowest slope and greatest intercept observed for this ISE during the study; this was followed by a random pattern of variation as the electrode aged (day 3).
The variation in the response of the three Ca ISEs was random. The results of the regression analysis for all ISEs are summarized in Table 1 . The effect of aging on the iCa and 1Mg results was determined by using linear regression to compare the results on each day of study (day n) with the results obtained with the newly 
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Clinical Chemistrj 42, No. 6, 1996 in the slopes for each SLS was not statistically significant (P >0.1). However, for the Nova CRT, an increase in the 1Mg concentration effected an increase in the iCa result. The regression was a third-order polynomial, and the difference in the slopes for the SLS with the four constant TCa concentrations was statistically significant (P <0.01). The 1Mg value at the point of intersection of the regression curves increased with increasing concentrations of TCa. The increase in the iCa value (x) affected both the AVL and the Nova CRT 1Mg results (y). The regression for both analyzers was a third-order polynomial, and the slopes for each SLS were significantly different (for AVL, P <0.005; for Nova CRT, P <0.0001).
The iCa value at the point of intersection of the regression curves increased with increasing concentrations of TMg. The relation between the iCa and 1Mg for the SLS of aqueous calibrators and for dilution series of serum samples was similar and is not shown.
COMPARISON OF ICA AND 1MG RESULTS
We compared the iCa results obtained for the saline calcium SLS among the three analyzers. The linear regressions (x = TCa, y = iCa) were as follows: To compare the 1Mg ISEs, we used the results obtained for the saline magnesium SLS and for the serum dilution series. Fig.   5 shows the regression of the AVL and Nova CRT results for SLS with TCa of 1.00 and 1.50 mmoVL. For the TMg range of 0.00-1.60 mmol/L, the first-order regression gave the best fit for the AVL results and the second-order polynomial best fit the Nova CRT results. The AVL results were not affected by the TCa (slope near 1.0 and intercept near 0.0). For the Nova CRT, the intercept was positive and did not change, but the slope increased with an increase in TCa. Therefore, the TMg concentration at the point of intersection for the AVL and Nova regression lines increased when the TCa concentration increased. For the serum dilution series, the concentration of the iCa was not constant but increased with the increasing TMg concentration.
The baseline (at low TMg concentration) and high (at high TMg concentration) iCa ranges, and the results of linear regression for the serum dilution series with three different TCa concentrations, are summarized in Table 3 . For the dilution series with TCa at 2.36 and 3.30 mmollL, the increase in iCa from baseline for the Nova CRT was about twice that for the AVL. For the dilution series with TCa at 4.30 mmollL, the increase in baseline iCa was comparable for both analyzers. However, each dilution series showed a difference between the AVL and Nova CRT slope and intercept.
As with the saline SLS, the TMg at the point of intersection for the AVL and Nova CRT regression lines increased with increasing TCa.
Discussion
The response of the AVL and Nova Mg ISEs to changes in the TCa concentration varied with the age of the ISE. For the AVL electrode, the largest difference from the baseline (new electrode) for 1Mg results occurred on the third day of use, at which time the 1Mg results were underestimated when the measured iCa was >1.20 mmol/L. The same decrease in 1Mg results was observed with two other electrodes and was also seen during the linearity study (Fig. 4, lower For the Nova Mg ISE, the change in the 1Mg results was least during the first five days of the study. Beyond the fifth day of use, this electrode overestimated the 1Mg concentration, particularly at low concentrations of iCa. However, the 1Mg results on the fifth day (or after 356 sample analyses) were still not significantly different from the baseline results (slope and intercept P >0.07). Even though the difference in the 1Mg results obtained on day 10 was statistically significant, the interassay precision of the electrode for the first 10 days of use (CV s3.33%) was similar to the interassay precision (CV 3.83%) reported by Altura et al. [5] .Note that the change in the Nova 1Mg results was not related to the calibration slope, which varied between 12.1 (day 3) and 12.7 (days 1 and 13) and was within the limits recommended by the manufacturer (10.0-14.0) throughout the study. Generally, the difference between the response of the new and the aging electrode was smaller for the AVL than for the Nova when iCa 1.2 mmol/L. The response of the AVL and Nova Ca ISEs varied during the time of the study, but the difference from baseline iCa results was 0.04 mmolfL and the voltage response was comparable on all days of the study. Because the changes in the iCa results were small, the variations in the 1Mg results with time of use could be the result of changes in the membrane selectivity of the Mg ISEs to Ca2
However, the changes we observed in the voltage responses of the aging Mg ISEs do not support such a conclusion.
The response of the 3-day-old AVL electrode did not reflect the aberrant 1Mg results obtained with this relatively new electrode. Further, there was very little difference between the responses of the 3-and 5-day-old electrodes.
The Nova CRT showed no obvious drift in the slope past the 5 days of use, and, in general, the voltage responses of this electrode were comparable up to the last day of acceptable calibration. On the basis of our results, we suggest that, despite the day-to-day variation in the voltage responses of both Mg ISEs to Ca ions, this variation can be corrected by calibration of the electrodes at appropriate Ca2 + and Mg2 + concentrations-which should minimize the effect of aging of the ISEs on the 1Mg results.
The linearity of both the AVL and Nova Ca and Mg ISEs was within the ranges specified by the manufacturers; however, the results obtained with the three analyzers for the same solutions were different. The first-order equation gave the best fit only with the Nova 8 iCa and voltage response results, and the linearity range extended to 6.0 mmol/L, which is beyond the limits recommended by the manufacturer (0.1-5.5 mmoLfL).
For the AVL and Nova CRT analyzers, higher-order polynomials gave the best fit with both the iCa and voltage response results; however, we found major differences between the Nova 8 and the Nova CRT iCa results. For all solutions used in the study, the Nova CRT iCa results were higher at the low iCa concentrations and lower at the high iCa concentrations than the Nova 8 results. The overestimation of the iCa concentration by Nova CRT was greatest for the saline solution that did not contain Ca (i.e., no added CaCl2 ). The Nova 8 results were consistently close to zero (0.03-0.04), but the Nova CRT results were never <0.31 (range 0.31-0.40).
The lowest AVL iCa result was 0.14. In general, the agreement was better between the Nova 8 and A\TL results than between the Nova 8 and Nova CRT results. The different performance characteristics of the two Nova Ca ISEs are consistent with the results for serum samples we reported previously [12] .
The regression of the 1Mg results for the aqueous calibrators was both first-order and second-order, with a relative nonlinearity of 3%.
However The responses of the AVL and Nova CRT Ca ISE to variations in the TMg concentration differed. The response of the Nova CRT Ca ISE was affected by the 1Mg result for all SLS used in the study. The response of the AVL and Nova 8 Ca ISE was affected only by the increase in 1Mg in the Nova calibrator. For the saline SLS, however, we found that the voltage re-sponses of all three Ca ISEs were not affected by the increase in TMg concentration.
In addition, as shown in Fig. 3 (lower panel), the slopes of linear regression (mV/log TCa) were similar at the two constant concentrations of TMg for both AVL and Nova CRT ISEs. Therefore, the observed 1Mg effect on the iCa result cannot be caused by analytical interference of Mg ions with the Ca ISE. We suggest that, with the Nova calibrator SLS, the addition of MgCl2 affected the complexed CaJCa2 + equilibrium and resulted in relative changes in the Ca2* concentration. We cannot explain the observed 1Mg effect on the Nova CRT iCa results with the saline and AVL calibrator SLS. However, compared with the AVL, the Nova CRT underestimated iCa at low 1Mg values and overestimated the iCa results as the 1Mg increased in all SLS used in this study.
The chemometric correction of the iMg result for the measured iCa concentration for both instruments does not seem to eliminate the interference by Ca ions on the 1Mg determinations. In this study, the responses of both the AVL and the Nova Mg ISEs were affected by the increase in the measured iCa concentration.
For the A\TL result of iCa >1.29 mmol/L, the 1Mg concentration was underestimated (see Fig. 2 An overestimation of iCa at a low concentration would falsely decrease the 1Mg results, and an underestimation of iCa at the higher concentration would falsely increase the 1Mg result. We found this relative error in the Nova CRT iCa results when we compared the three different Ca ISEs. In comparison with the AVL and Nova 8, the Nova CRT underestimated the iCa results at the high TCa concentration and overestimated the iCa results at the low TCa concentration. We could not determine the accuracy of Ca ISEs because no reference material for ionized calcium is available. However, for the SLS prepared with unbuffered saline, the agreement between the expected TCa results and the iCa results was good for the Nova 8 and AVL analyzers, yielding slopes close to 1 and intercepts near 0. For the Nova CRT iCa results, the slope was <1, and the intercept was >0.
To summarize, we found poor agreement between the AVL and Nova CRT 1Mg results, mainly because of the difference in the effect of iCa on the 1Mg results. As shown in Fig. 5 , the concentration of TMg at which the AVL and Nova CRT 1Mg results were identical increased with increasing TCa concentration. Thus, the crossover point of the TMg/TCa concentrations below (or above) which the AVL 1Mg results were higher (or lower) than the Nova CRT results varied. This variation in the difference between the two analyzers for 1Mg results may be clinically important, especially for samples with abnormal TCa and TMg concentrations.
Although the intercepts of the regression equations for the saline SLS and the serum dilution series were close to or <0 for the AVL, they were positive for the Nova CRT-indicating that the 1Mg results at low TMg concentration may be overestimated. 
